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SPECIFICATION 
TITLE OF THE INVENTION 
MEMORY DEVICE 
BACKGROUND OF THE INVENTION 
5 Field of the Invention 

This invention relates to a memory device. 
Description of the Related Art 

In order to shorten write time for writing data to 
a memory and read-out time for reading data out of the 
10 memory, it will suffice to enlarge the bus width of the 
data bus connected to the memory. Enlarging the bus 
width, however, may result in more complicated wiring. 

Data processing time may be shortened by accessing 
a memory more efficiently, as disclosed in, e.g., the 
15 specification of Japanese Patent Application No. 10- 
53083. However, such processing is comparatively 
complicated. 

DISCLOSURE OF THE INVENTION 
Accordingly, an object of the present invention is 
20 to shorten data processing time. 

According to the present invention, the foregoing 
object is attained by providing a memory device 
comprising a data memory to and from which data is 
input and output via a data bus for a data memory; and 
25 a plurality of buffer circuits for inputting and 
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outputting data to and from the data memory via a first 
data bus that has a bus width the same as that of the 
data bus for the data memory and that is electrically 
connected to the data bus for the data memory, and 
5 inputting and outputting data to and from a data 

processing circuit via a second data bus having a bus 
width smaller than that of the data bus for the data 
memory. 

In accordance with the present invention, a 
10 plurality of buffer circuits are connected to a data 
memory. A plurality of processes can be executed in 
parallel by inputting and outputting data between the 
plurality of buffer circuits and the data processing 
circuit. 

15 The plurality of buffer circuits and the data 

memory are connected by a data bus for the data memory 
(this bus and the first data bus may be a common bus) . 
Thus the input and output of data can be performed at a 
speed decided by the bus width of the data bus for the 

20 data memory. Wiring is comparatively simple because 

data input/output is performed between the plurality of 
buffer circuits and the data processing circuit using 
the second data bus, which has a bus width smaller than 
that of data bus for the data memory. 
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The memory device may be further provided with a 
selector, which is connected between the plurality of 
buffer circuits and the data memory, for allowing 
input/output of data between any one of the plurality 
5 of buffer circuits and the data memory. 

By way of example, the bus width of the second 
data bus is a fraction of that of the bus for the data 
memory. 

In a case where the data input and output between 
10 the data memory and the plurality of buffer circuits is 
image data, an arbitration circuit may be further 
provided for controlling the plurality of buffer 
circuits in such a manner that image data representing 
images of different frames is input and output to and 
15 from different buffer circuits in a common time period. 
Thus, image data processing of different images can be 
executed simultaneously. 

Other features and advantages of the present 
invention will be apparent from the following 
2 0 description taken in conjunction with the accompanying 
drawings, in which like reference characters designate 
the same or similar parts throughout the figures 
thereof . 

BRIEF DESCRIPTION OF THE DRAWINGS 
25 Fig. 1 is a block diagram illustrating part of the 
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electrical structure of a digital still camera; 

Fig. 2 is a block diagram illustrating part of the 
electrical structure of the digital still camera, where 
the emphasis is on the flow of image data; and 
5 Fig. 3 is a time chart of image data. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 
A preferred embodiment of the present invention 
will now be described with reference to the drawings. 
Fig. 1, which illustrates a preferred embodiment 
10 of the present invention, is a block diagram showing 
part of the electrical structure of a digital still 
camera . 

The digital still camera includes a first DRAM 
(dynamic random-access memory) 20 and a second DRAM 30 

15 for storing image data temporarily. A first buffer 

circuit Al , second buffer circuit A2 and third buffer 
circuit A3, each of which stores image data temporarily, 
are connected to the first DRAM 20 via a selector 21 by 
means of buses (a data bus for a data memory and a 

2 0 first data bus) . A first arbitration circuit 22 is 

connected to the first to third buffer circuits Al to 
A3 via a bus having a bus width of 32 bits. The first 
arbitration circuit 22 decides to and from which of 
first to third buffer circuits Al to A3 image data is 

25 to be written and read. Similarly, a first buffer 
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circuit Bl, second buffer circuit B2 and third buffer 
circuit B3, each of which stores image data temporarily/ 
are connected to the second DRAM 20 via a selector 31 
by means of buses. In a manner similar to that of the 
5 first arbitration circuit 22, a second arbitration 

circuit 32 decides to and from which of first to third 
buffer circuits Bl to B3 image data is to be written 
and read. A CPU (not shown) is connected to the 
selectors 21 and 31. The selectors 21 and 31 are 

10 controlled by the CPU. 

The bus width of the bus connected between the 
first DRAM 20 and first selector 21 is 128 bits. 
Similarly, the bus width of the buses connected between 
the first selector 21 and the first buffer circuit Al , 

15 second buffer circuit A2 and third buffer circuit A3 
also is 128 bits. Accordingly, the transfer rate of 
image data between the first DRAM 20 and the first 
buffer circuit Al , second buffer circuit A2 and third 
buffer circuit A3 is based upon the bus width of 128 

20 bits. 

By contrast, the bus (second data bus) width of 
the buses connected between the first arbitration 
circuit 22 and the first to third buffer circuits Al to 
A3 is 32 bits. Accordingly, the transfer rate of image 
25 data between the first arbitration circuit 22 and the 
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first to third buffer circuits Al to A3 is based upon 
the bus width of 32 bits. 

The buses between the first DRAM 20 and the first 
to third buffer circuits Al to A3 have a bus width of 
5 128 bits, and the buses between the first to third 
buffer circuits Al to A3 and the first arbitration 
circuit 22 have a bus width of 32 bits. For this 
reason, the time required to write and read image data 
to and from the first DRAM 20 (i.e., to write image 

10 data, which has been read out of the first DRAM 20, to 
the first to third buffer circuits Al to A3 and to 
write image data from the first to third buffer 
circuits Al to A3 to the first DRAM 20) is one-fourth 
of the time required to write data from the first 

15 arbitration circuit 22 to the first to third buffer 

circuits Al to A3 and to read data out of the first to 
third buffer circuits Al to A3 to the first arbitration 
circuit 22. 

Similarly, the time required to write and read 
20 image data between the second DRAM 30 and the first to 
third buffer circuits Bl to B3 is one-fourth the time 
required to write and read image data between the 
second arbitration circuit 32 and the first to third 
buffer circuits Bl to B3 . 
2 5 The digital still camera includes a bus for the 
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first DRAM 20, a bus for the second DRAM 30 and an 
external bus (each of these buses has a bus width of 32 
bits) . The bus for the first DRAM 20 is connected to 
the first arbitration circuit 22. The bus for the 
5 second DRAM 30 is connected to the second arbitration 
circuit 32. An SDRAM (synchronous dynamic random- 
access memory) controller 42 and an I/O (input/output) 
controller 44 are connected to a third selector 41. An 
SDRAM 43 for temporarily storing image data is 

10 connected to the SDRAM controller 42, and a ROM 45 in 

which prescribed data such as a program has been stored 
is connected to the I/O controller 44. 

The digital still camera includes first to eighth 
address generating circuits 11 to 18. The address 

15 generating circuits 11 to 18 generate addresses of a 

destination at which entered image data is to be stored. 
The first, second, fifth and sixth address generating 
circuits 11, 12, 15 and 16, respectively, are connected 
to the bus for the first DRAM 20. The third, fourth, 

20 seventh and eighth address generating circuits 13, 14, 
17 and 18, respectively, are connected to the bus for 
the second DRAM 30 . 

The digital still camera includes a CCD interface 
1 for inputting image data that has been output from a 

2 5 CCD (not shown) . The first address generating circuit 
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11 is connected to the CCD interface 1. Accordingly, 
image data that has been output from the CCD can be 
written to the first DRAM 20 via the bus for the first 
DRAM 20. 

5 Image data that has been output from the second 

address generating circuit 12 is input to a signal 
processing circuit (data processing circuit) 2 that 
generates luminance data Y and color difference data C. 
The luminance data Y and color difference data C 

10 generated by the signal processing circuit 2 is applied 
to the bus for the second DRAM 30 via the third address 
generating circuit 13. 

Image data that has been output from the fourth 
address generating circuit 14 is input to an 

15 enlarging/reducing circuit (data processing circuit) 3 
for resizing the image represented by the image data. 
The image data that has been resized by the 
enlarging/reducing circuit 3 is applied to the bus for 
the first DRAM 20 via the fifth address generating 

2 0 circuit 15. 

Image data that has been output from the sixth 
address generating circuit 16 is compressed or expanded 
by a compressing/expanding circuit (data processing 
circuit) 4. The compressed or expanded image data is 

25 applied to the bus for the second DRAM 30. 
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Image data that has been output from the eighth 
address generating circuit 18 is applied to a card 
control circuit (data processing circuit) 5. The 
latter writes the entered image data to a memory card 6. 
5 The buses between the first DRAM 20 and the first 

to third buffer circuits Al to A3 and the buses between 
the second DRAM 30 and the first to third buffer 
circuits Bl to B3 have a bus width of 128 bits, and the 
other buses have a bus width of 32 bits. Since the 

10 proportion of buses having the comparatively large bus 
width of 128 bits is small, handling the buses, such as 
connecting the buses, is comparatively easy. Even 
though buses of small bus width are used, various 
processing such as signal processing, 

15 enlargement/reduction processing and 

compress ion/ expansion processing can be executed 
simultaneously. As a result, it is possible to prevent 
prolongation of processing time. 

Fig. 2 is a block diagram illustrating the 

20 electrical structure of the digital still camera 

according to this embodiment. This diagram focuses 
upon the flow of image data in the camera. Components 
identical with those shown in Fig. 1 are designated by 
like reference characters . 

25 As mentioned above, image data that has been 
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output from the CCD is input to the CCD interface 1. 
Image data that has been output from the CCD interface 
1 is stored temporarily in whichever of the first to 
third buffer circuits Al to A3 is capable of having 
5 image data written thereto (whichever is a vacant area) . 
Image data is read out of any of the buffer circuits of 
the first to third buffer circuits Al to A3 and is 
written to the first DRAM 20 (this data shall be 
referred to as "CCD data") . The CCD data is read out 

10 of the first DRAM 20 and is written to any of the first 
to third buffer circuits Al to A3 again* 

Image data that has been written to any of the 
buffer circuits again is applied to the signal 
processing circuit 2, which proceeds to generate 

15 luminance data Y and color difference data C (these 

items of data shall be referred to as "YC data") . The 
generated YC data is written to any one of the first to 
third buffer circuits Bl to B3. YC data that has been 
written to the buffer circuit is read out and written 

2 0 to the second DRAM 30. 

Thenceforth, and in similar fashion , the writing 
and reading of YC data to and from any of the buffer 
circuits among the first to third buffer circuits Bl to 
B3 is carried out, resize processing is applied in the 

25 enlarging/reducing circuit 3 and resized data is 
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obtained. The resized data is written and read to and 
from any of the buffer circuits among the first to 
third buffer circuits Al to A3 and is written to the 
first DRAM 20. 

5 The writing and reading of resized data to and 

from any of the buffer circuits among the first to 
third buffer circuits Al to A3 is carried out and input 
to the compressing/expanding circuit 4. The latter 
applies data compression processing and obtains 

10 compressed data. The compressed data is written and 
read to and from any of the buffer circuits of the 
first to third buffer circuits Bl to B3 and is written 
to the second DRAM 30. The compressed data is read out 
of the second DRAM 30, is written to and read from any 

15 of the buffer circuits of the first to third buffer 
circuits Bl to B3 and is applied to card control 
circuit 5. The compressed data is recorded on the 
memory card 6 by the card control circuit 5. 

The above-described processing is executed in 

20 parallel with regard to different data. All processing 
can be completed at a comparatively high speed even 
though bus width is small. 

Fig. 3 is a time chart illustrating the flow of 
image data. The time chart illustrates the portion of 

25 image data, from among image data representing images 
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of a number of frames, that is recorded on the memory 
card (time til to t54) . Further, as to the accessing 
of the buffer circuits Al to A3, buffer circuits Bl to 
B3 and DRAMs 20, 30, the hatching indicates accessing 
5 that is for the purpose of writing image data to these 
circuits and memories. 

Image data representing one frame of an image is 
output from the CCD. In this embodiment, however, 
image data representing one frame of an image is 

10 divided into three items of image data in the CCD 

interface 1. A data transfer is made for every item of 
image data obtained by such division. Image data 
obtained by such division will be represented below by 
a code comprising an encircled Arabic numeral and a 

15 letter of the alphabet. The Arabic numeral indicates 
the frame number of the image and the appended letter 
of the alphabet indicates the identification number of 
each of the three items of divided image data. For 
example, in case of image data ®a, this indicates the 

2 0 initial item of image data of the three items of 

divided image data of the image data that represents 
the first frame of the image. In case of image data 
®c, this indicates the final item of image data of 
the three items of divided image data of the image data 

25 that represents the fifth frame of the image. 
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A fifth frame of image data ®a is output from the 
CCD (the first to fourth frames of image data have 
already been output from the CCD) and is input to the 
CCD interface 1. The image data (5)a starts being 
5 output from the CCD interface 1 at time til and is 

written to any buffer circuit among the first to third 
buffers Al to A3 connected to the first DRAM 20 via the 
selector 21. In this embodiment, image data (5)a is 
written to the first buffer circuit Al from time til to 

10 time tl4 . Image data ®a and (2)a obtained previously 
by photography will have been written to buffer 
circuits other than the first buffer circuit Al , namely 
to the second buffer circuit A2 and third buffer 
circuit A3, at this time. The image data (Da is 

15 written to the first buffer circuit Al , which is a 
vacant area. 

The image data (5) a that has been written to the 
first buffer circuit Al starts being read out at time 
tl4 and is written to the first DRAM 20 by time tl5 
2 0 (this is CCD data) . As mentioned above, the bus width 
of the bus through which the image data transferred 
from the CCD interface 1 passes is 32 bits, but the bus 
width of the buses between the first to third buffers 
Al to A3 and the first DRAM 20 is 128 bits. Therefore, 
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read-out time (time tl4 to tl5) is shorter than the 
write time (time til to tl4) for writing the image data 
®a to the first buffer circuit Al . 

Similarly, when time tl7 arrives, the next item of 
5 image data (5)b of the fifth frame also is read out of 
the CCD interface 1 and is written to the third buffer 
circuit A3, which is a vacant area, at time tl7 . When 
time t20 arrives, the image data (5)b starts being 
written to the first DRAM 20. It goes without saying 

10 that when the image data (5)b is written to the first 

DRAM 20, the first DRAM 20 is a vacant area. The next 
item of image data (5)c of the fifth frame also is 
handled in a similar manner. 

When time t33 arrives, the image data ®a of the 

15 fifth frame that has been written to the first DRAM 20 
is read out at a speed that is based upon the bit width 
of 128 bits, and this data is written to the second 
buffer circuit A2 by time t36. When time t34 arrives, 
the image data ®a that has been written to the second 

2 0 buffer circuit A2 starts being read out and is input to 
the signal processing circuit 2. Processing for 
generating the YC data is executed, in the manner 
described above, in the signal processing circuit 2 
from time t34 to t37 . The YC data ®a that has been 
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generated in the signal processing circuit 2 is written 
successively to the second buffer circuit B2 (time t34 
to t37) , which is connected to the second DRAM 30. The 
YC data ®a is read out of the second buffer circuit B2 
5 when time t37 arrives and is written to the second DRAM 
30 by time t38 . 

Thenceforth, and in similar fashion, the image 

data ®a is written to and read from the buffer 
circuits Al , A2 , A3, Bl , B2 , B3 and to the first DRAM 

10 20 and second DRAM 30 and is recorded on the memory 
card 6 as compressed data . 

Thus, when processing such as signal processing, 
enlargement/reduction processing, compression/expansion 
processing and processing for recording image data on 

15 the memory card 6 is being executed with regard to 
specific image data (image data (Da, etc. , in this 
case) , processing such as signal processing, 
enlargement/reduction processing , compression/ expansion 
processing and record processing is executed 

20 concurrently with regard to other image data. 

By way of example, from time tl3 to tl6, which 
partially overlaps time til to tl4 during which the 
image data (5)a is being written to the first buffer 
circuit Al, the image data (2)a that has been written to 



- 16 - 



the third buffer circuit A3 is read out and applied to 
the compressing/expanding circuit 4. The data is 
compressed in the compressing/expanding circuit 4 and, 
from time tl5 to tl8, is written to the first buffer 
5 circuit Bl connected to the second DRAM 30. Compressed 
data (2)a is recorded in the second DRAM 30 from time 
tl8 to t!9. 

When time t34 arrives, the compressed data (2)a is 
read out of the second DRAM 30 and is written to the 

10 third buffer circuit B3 connected to the second DRAM 30. 
When time t35 arrives, the data is read out of the 
third buffer circuit B3 and is applied successively to 
the card control circuit 5. The compressed data (Da is 
recorded on the memory card 6 by time t38. 

15 Since parallel processing is executed, it is 

possible to prevent prolongation of the time required 
to record image data on the memory card 6 even though 
bus width is small. 

As many apparently widely different embodiments of 

20 the present invention can be made without departing 
from the spirit and scope thereof, it is to be 
understood that the invention is not limited to the 
specific embodiments thereof except as defined in the 
appended claims. 
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